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^ ■ The way of the Grand unification of all interactions and the role of su- 

persymmetry in GUTs are the problems of paramount importance in the con- 
temporary elementary particle physics. However, at present time experiment 
doesn't indicate any manifestation of the Supersymmetry (see reviews [1-3]). 

In this connection, the Anti-Grand Unification Theory (AGUT) was 
developed as a realistic alternative to SUSY GUTs by H.B.Nielsen (Niels 
Bohr Insitute, Denmark) and his collaborators: D.L.Bennett, C.D.Froggatt, 
L.V.Laperashvili, I.Picek and Y.Takanishi ||]-[|E7]. According to the AGUT, 
the supersymmetry doesn't come into existence up to the Planck energy scale: 

u Pl = 1.2 • 10 19 GeV. (1) 

The SM is based on the group: 

SMG = SU(3) C <g> SU(2)l <8> U(l)y- (2) 

The AGUT suggests that at the scale /j,g ~ I^pi there exists the more funda- 
mental group G containing N gen copies of the Standard Model Group SMG: 

G = SMG X ® SMG 2 ® ... ® SMG Ngen = {SMGf 9m (3) 

where the integer N gen designates the number of quark and lepton generations. 
If N gen = 3, then the fundamental gauge group G is: 

G = {SMG) 3 = SMG! ® SMG 2 ® SMG 3 , (4) 
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or the generalized ones: 

G f = (SMG) 3 ® £7(1)/, (5) 

which is suggested by the fitting of fermion masses existing in the SM (see 
Refs. i-U) and 

G ext = (SMG®U(l) B ^ L ) 3 , (6) 
which takes into account the see-saw mechanism with the right-handed neu- 



trino |13fl, ||14|| , also gives the reasonable fitting of the SM fermion masses and 
describes all neutrino experiments known today. 

The group Gf contains the following gauge fields: 3 x 8 = 24 gluons, 
3x3 = 9 W-bosons and 3x1 + 1 = 4 abelian gauge bosons. 

At first sight, this (SMG) 3 x £7(1)/ group with its 37 generators seems 
to be just one among many possible SM gauge group extensions. However, 
it is not such an arbitrary choice. There are at least reasonable requirements 
(postulates) on the gauge group G (or Gf, or G ext ) which have uniquely to 
specify this group. It should obey the following postulates (the first two are 
also valid for SU(5) GUT): 

1. G or Gj should only contain transformation transforming the known 45 
Weyl fermions ( = 3 generations of 15 Weyl particles each) - counted as left 
handed, say - into each other unitarily, so that G (or Gf) must be a subgroup 
of U(45): G C £7(45). 

2. No anomalies, neither gauge nor mixed. AGUT assumes that only 
straightforward anomaly cancellation takes place and forbids the Green- 



Schwarz type anomaly cancellation [IS 



3. AGUT should NOT UNIFY the irreducible representations under the 
SM gauge group, called here SMG (see Eq.(|2|)). 

4. G is the maximal group satisfying the above-mentioned postulates. 
There are five Higgs fields named <fiws, S, W, T, £ in the extended Gf- 



AGUT by Froggatt and Nielsen |IIJ,p|. These fields break the AGUT to the 
SM what means that their vacuum expectation values (VEV) are active. The 
field 4>ws corresponds to the Weinberg — Salam theory, < S >= 1, so that we 
have only three free parameters — three VEVs < W >, < T > and < £ > to 
fit the experiment in the framework of this model. The authors of Refs. JIT]], |I3 
used them with aim to find the best fit to conventional experimental data for 
all fermion masses and mixing angles in the SM (see Table I). The result 
presented by Table I is encouraging. The fit is given by the x 2 function (called 
here x 2 )- The lowest value of x 2 (~ 1-87) gives the following VEVs: 

<S>=1; <W>= 0.179; < T >= 0.071; <£>= 0.099. (7) 



The extended Anti-GUT theory by Nielsen and Takanishi []13~|,|I4]|, which is 
described by the group of symmetry G ext (see Eq.(6)), was suggested with aim 
to explain the neutrino oscillations. Introducing the right-handed neutrino 
in the model, the authors replaced the assumption 1 and considered U(48) 
group instead of U(45), so that G ext is a subgroup of U(48): G ext C £7(48). 
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This group ends up having 7 Higgs fields falling into 4 classes according to the 
order of magnitude of the expectation values: 

1) The smallest VEV Higgs field plays role of the SM Weinberg-Salam 
Higgs field 4>ws having the weak scale value < 4>ws >= 246 GeV/y/2. 

2) The next smallest VEV Higgs field breaks all families U(1)(b-l) group, 
which is broken at the see-saw scale. This VEV is < 4>(b-l) >~ 10 12 GeV. 
Such a field is absent in the "old" extended AGUT. 

3) The next 4 Higgs fields are W, T, £ and Xi which have VEVs of the order 
of a factor 10 to 50 under the Planck unit. That means that if intermediate 
propagators have scales given by the Planck scale, as it is assumed in the 
AGUT in general, then they will give rise to suppression factors of the order 
1/10 each time they are needed to cause a transition. The field \ is absent in 
the "old" G/-AGUT. It was introduced in Refs.|ji~3fl,[f[l}l for the purpose of the 
study neutrinos. 

4) The last one, with VEV of the same order as the Planck scale, is the 
Higgs field S. It had VEV < S >= 1 in the "old" extended AGUT by Frog- 
gatt and Nielsen (with Gf group of symmetry), but this VEV is not equal to 
unity in the "new" extended AGUT. Therefore there is a possibility to observe 
phenomenological consequences of the field S in the Nielsen-Takanishi model. 

Typical fit to the masses and mixing angles for the SM leptons and quarks 
in the framework of the G ex t-AGUT is given by Table II. The lowest value of 
X 2 is ~ 1.46. In contrast to the "old" extended AGUT, the new results are 
more encouraging. 

The AGUT approach is used in conjuction with the Multiple Point Prin- 
ciple (MPP) proposed by D.L.Bennett and H.B.Nielsen ||. According to this 
principle Nature seeks a special point — the Multiple Critical Point (MCP) 
- which is a point on the phase diagram of the fundamental regulirized gauge 
theory G (or Gf, or G ext ), where the vacua of all fields existing in Nature 
are degenerate having the same vacuum energy density. This is the Multiple 
Point Principle. Such a phase diagram has axes given by all coupling constants 
considered in theory. Then all (or just many) numbers of phases meet at the 
MCP. 

In the AGUT at some point fic the group G (or Gf, or G ext ) undergoes 
spontaneous breakdown to the diagonal subgroup: 

G — > G d i a g. sub g r . = {g,g,g\\g e SMG}, (8) 

which is identified with the usual (lowenergy) group SMG. 

Multiple Point Model assumes the existence of MCP at the Planck scale, 
insofar as gravity may be "critical" at the Planck scale. 

The idea of MPP has its origin from the lattice investigations of gauge 
theories. In particular, Monte Carlo simulations on lattice of U(l)-, SU(2)- 
and SU(3)- gauge theories indicate the existence of a triple (critical) point, 
which is a boundary point of three first order phase transitions. Using the 
Monte Carlo results on lattice, it is possible to make theoretical calculations 
of the critical coupling constants and obtain slightly more accurate predictions 
of the AGUT for the SM fine structure constants. 
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In the SM the usual definition of coupling constants is used: 

5 a a _ g 2 s 

ai = q — 2^ — ' " 2 = ~ T ~^Fi — ' a 3 = a s = — , (9) 
3 cos^e^ sm Bj^ 4vr 

where a and a s are the electromagnetic and strong fine structure constants, re- 
spectively. All values are defined in the Modified minimal substraction scheme 
(MS). Using experimentally given parameters and the renormalization group 
equations (RGE), it is possible to extrapolate the experimental values of three 
inverse running constants a' 1 (here % — 1, 2, 3 corresponds to U(l), SU(2) and 
SU(3) groups) from Electroweak scale to the Planck scale. The precision of 
the LEP data allows to make this extrapolation with small errors. Assuming 
that the RGEs are contingent not encountering new particles up to fi ~ fipi 
and doing the extrapolation with one Higgs doublet under the assumption of 
a "desert", the following result for the inverses a Y \ 3 (ay = fai) was obtained 
inRef.0: 

a Y \fipi) « 55.5; a^\fi Pl ) « 49.5; a^i/ipi) « 54. (10) 

The extrapolation of a 4 rl (/i) up to the point \i = \ig is shown in Fig.l. The 
AGUT predicts their values at the scale \iq ~ 10 18 GeV (which is very close 
to [Imcp — Hpi) i n terms of the critical couplings a ijCrit taken from the lattice 
gauge theory [T3[]-[^3|]: 



for i=2,3 and 



OHWPl) = "T7 = —5— (11; 

^ gen <J 



±N gen (N gen +1) 6 



for U(l). 

According to the AGUT, at the Planck scale the running constants a.\ (or 
ay = fen), «2 and a 3 , as chosen by Nature, are just the ones corresponding 
to the MCP 

There exists a simple explanation of the relations (|TTD and fljjp. As it was 
mentioned above, the group G breaks down at \i — It should be said that 
at the very high energies \x > \xq ~ f^pi (see Fig.l) each generation has its own 
gluons, own W's etc. The breaking makes only linear combination of a certain 
color combination of gluons which exists below // = fia and down to the low 
energies. We can say that the phenomenological gluon is a linear combination 
(with amplitude l/\/3 for N gen = 3) for each of the AGUT-gluons of the same 
color combination. This means that coupling constant for the phenomenolog- 
ical gluon has a strength that is v^3 times smaller, if as we effectively assume 
that three AGUT SU(3) couplings are equal to each other. Then we have 
the following formula connecting the fine structure constants of G-theory (e.g. 
AGUT) and low energy surviving diagonal subgroup G^ a ^ subg — i^MG) 3 
given by Eq.(H): 

a diag,i = "1st gen.,* + a 2nd gen.,i + a 3rd gen.,*' ^ 13 ^ 
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Here i = U(l), SU(2), SU(3), and i=3 means that we talk about the gluon cou- 
plings. For non-Abelian theories we immediately obtain Eq. (|TTD from Eq. (|T3j) 
at the critical point (MCP). 

In contrast to non-Abelian theories, in which the gauge invariance forbids 
the mixed (in generations) terms in the Lagrangian of G-theory, the U(l)- 
sector of the AGUT contains such mixed terms what explains the difference 
between the expressions ( |TT| ) and (p~2h. 

Using Monte Carlo results on lattice the AGUT predicts || : 

a Y l i^MCp) = 55 ± 6, a^i/iMCp) = 49.5 ± 3, a^^ucp) = 57 ± 3, (14) 

in correspondence with the result (10). 

According to Eq.(|T3), the first values of Egs-fllPp and (113) gives the follow- 
ing estimation for the U(l) fine structure constant at [A — Hmcp- 



The Monte Carlo simulations of the lattice U(l) gauge theory gives p0|-p2 



a crit » 0.20 ± 0.015, or a^ r ] t « 5. (16) 

However, it is possible to show (see 0) that quantum fluctuations encrease 
the value of a~ r \ t giving the value (|i~5|) . 

The following hypothesis was stated in Refs. [^| ,Hl7|: it is possible that the 



existence of monopoles at superhigh energies — at a short distance from the 
Planck energy scale (1) — plays an essential role in the phase transitions at 
the Planck scale when all fields existing in the SM turn into the new phase, 



say, (super)string phase. In the previous works [|] , f7j , |~5| the investigation 
of the phase transition phenomena and, in particular, the calculation of the 
U(l) critical coupling constant were connected with the existence of artifact 
monopoles in the lattice gauge theory and also in the Wilson loop action model, 
which we proposed in Ref . |15| . Now, instead of using the lattice or Wilson loop 
cut-off, we are going to introduce physically existing monopoles into the theory 
as fundamental fields. 

Developing a version of the local field theory of the Higgs scalar monopoles 
and electrically charged particles, we consider an Abelian gauge theory in the 
Zwanziger formalism |p4j| -|p8| and look for a/or rather several phase transitions 



connected with the monopoles forming a condensate in the vacuum. 

The Zwanziger formalism f2"4|, |p5|| (see also [26|,|27| and review p8| |) con- 



siders two potentials A^(x) and B^(x) describing one physical photon with 
two physical degrees of freedom. Now and below we call this theory QEMD 
(" Quantum ElectroMagnetoDynamics" ) . 

In QEMD the total field system of the gauge, electrically (\&) and magnet- 
ically ($) charged fields (with charges e and g, respectively) is described by 
the partition function which has the following form in the Euclidean space: 

Z = J[DA][DB][D^][D^ + ][D^][D^ + ]e- s , (17) 
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where 

S = J d 4 xL(x) = S Zw (A, B) + Sgf + S {mat ter)- (18) 

The Zwanziger action Sz w (A, B) is given by: 

S Zw (A, B) = J d 4 z[~(n • [d A A}) 2 + i(n • [9 A B]) 2 + 

+ -(n ■ [9 A ■ [9 A £]*) - -(n • [9 A B])(n • [9 A A]*)], (19) 

where we have used the following designations: 

[A A B]^ = A,B U - A U B„ (n ■ [A A = n u (A A B)„ M , 

G>/ = -^vv\pG\ p . (20) 

In Eqs.(|T9|) and(|20|) the unit vector n M represents the fixed direction of the 
Dirac string in the 4-space. 

The action St matter \ = J cf 4 :rL( matter ) (x) describes the electrically and mag- 
netically charged matter fields. S g f is the gauge-fixing action (see |p6fl). 

Let us consider now the Lagrangian L^ matter ) describing the Higgs scalar 
fields \fr(x) and $(x) interacting with gauge fields A^(x) and B^(x), respec- 
tively: 

L (m atter)(x) = ^\D^\ 2 + ^\D^f - U(*,$), (21) 

where 

Dn = dp- ieA^, and 1)^ = 8^- igB^ (22) 
are covariant derivatives; 

u{% <&) = ^i*i 2 + ^ i*i 4 + ^im 2 + ^fm 4 + \m 2 m 2 w 

is the Higgs potential for the electrically and magnetically charged fields ^ 
and $. The complex scalar fields: 

^ = tp + i( and $ = <p + «x (24) 

contain the Higgs (ip, <fi) and Goldstone ((, x) boson fields. 

The Lorentz invariance is lost in the Zwanziger Lagrangian flT9"| ) because of 
depending on a fixed vector n M , but this invariance regained for the quantized 
values of coupling constants e and g obeying the Dirac relation: 

eiQj = 2-Kriij, riij E Z. (25) 

e 2 

Considering the electric and magnetic fine structure constants: OL = ^— and 
2 

(5 = ^— we have the invariance of the QEMD under the interchange a *-* a. 
For riij = 1 from the Dirac relation ( pip we have: 

1 . . 

aa = -. (26) 
4 
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The effective potential in the Higgs model of electrodynamics for a charged 
scalar field was calculated in the one-loop approximation for the first time 

Using this method we can 



by the authors of Ref. [29] (see also review 
construct the effective potential (also in the one-loop approximation) for the 
theory described by the partition function fllTj) with the action S. 

Let us consider now the shifts: ^ = + ^(x), *&(x) = + $(x) with 
b and $b as background fields and calculate the following expression for the 
partition function in the one-loop approximation: 



[DA][DB][D$][D$ + ][D$][DV + ] x 



exp{-S(A,B,^B,^ B )- J ' d A x[ 



5$(x)'^ s v ' 5-9 (x, 
= exp{-F(^ B , $ B , e 2 , g 2 , /i 2 , tf w A e , A m )}. 
Using the representations ( pif) , we obtain the effective potential 



(27) 



v eff = F(1>b, 4>b, e 2 , g 2 , i4, An A e , A m ) 



(2? 



given by the function F of Eq.(^) for the constant background fields: ^ b = 
ipB = const, = (pB = const. 

The effective potential (p8| ) has several minima. Their position depends on 
e 2 ,g 2 ,/il m and X e , m - If the first local minimum occurs at ipB — and 0s = 0, 
it corresponds to the the Coulomb-like phase in our description. 

We are interested in the phase transition from the Coulomb-like phase 
" ipB = 4>b = 0" to the confinement phase "ipB = 0, 4>b = 4>o ^ 0". In 
this case the one-loop effective potential for monopoles coincides with the 



expression of the effective potential calculated by authors of Ref . p9[ for scalar 



electrodynamics and extended to the massive theory in Ref. |JT[ . 

Assuming the existence of the first vacuum at 4>b — and using from now 
the designations: \i = /i m , A = A m , we have the effective potential in the 
Higgs monopole model described by the following expression equivalent to that 



considered in Ref. 29 



V, 



eff\ 



where 



log 



(/i 2 + 3A0|)(/i 2 + A0|) 
/i 4 



A+ 



167T 



:[3^ 4 log 



f^run ( 



/i 2 + 



M 2 
A/i 2 



f9A 2 log^±|^ + A 2 log^ + A ^ 1 



M 2 



M 2 



/i 2 + 3A0| /x 2 + A0| 
2 [3 log — + log 1 



(29) 

(30) 
(31) 



16tt 2L ""° M 2 to M 2 j ' 

Here M is the cut-off scale. 

As it was shown in Ref.|[29||, the one-loop effective potential ( p9"D can be 
improved by the consideration of the renormalization group equation (RGE). 
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According to Refs.||29||-||31||, RGE for the improved one-loop effective potential 
is given by the following expression: 

<"*aS* + "4 + ^ + ~ ^W )V ' M2) = °' (32) 

where the function 7 is the anomalous dimension: 7(^) = ~~§m- The 7- 
expression for monopoles is given by Ref. [22] with replacement e — > g: 

3o 2 

7 = (33) 



RGE ( p2|) leads to a new improved effective potential: 

Ve ff (<P 2 ) = \fi m {t)&{t)tf + \\ run (t)G\t)<p\ (34) 



where 



G{t) = exp[-^ jT dt'^Uunit'), A rOT (t'))] with t = log(0 2 /M 2 ). (35) 
Let us write now the one-loop potential ( p9|) as 



K// = V + Vi, where ^ = y0 2 + ^0 4 , (36) 

T/ 1 TQ 4-4, <^ , / 2 . ox^2n2, /i 2 + 3A0 2 

^ = 64^ [% l ° g AP + {fi + 3A0 } lQg M 2 

+ (^ 2 + A0 2 ) 2 log - 2/ / log (37) 

We can plug this V e ff into RGE (]32f) and obtain the following RG-equations 
(see |3): 

= Yq^2 + l°A 2 Mn - 6X run g^ un ), (38) 

du 2 /; 2 

The Dirac relation and the RGE for the electric and magnetic fine structure 
constants a and a were investigated in detail in the recent paper ^7|. The 
following result was obtained. 

If we have the electrically and magnetically charged particles existing si- 
multaneously for jl > fltthreshoid) an d if in some region of ft their /3-functions 
are computable perturbatively as a power series in e 2 and g 2 , then the Dirac 
relation is valid not only for the "bare" elementary charges e$ and go, but also 
for the renormalized effective charges e and g (see [[32] and review P8I), and 
the following RGEs (obtained in Ref. ||27||) take place: 

dl ° g ^ p) = = 0«(a) - /3M(a). (40) 
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These RGEs are in accordance with the Dirac relation ( f2~6| ) and the dual sym- 
metry considered above. By restricting ourselves to the two-loop approxima- 
tion for /3- functions, we have the following equations for scalar particles: 

d log a(p) _ d\oga(p) _ a - a a + a 

dt dt 12tt 1 4tt "">' 1 ' 

According to Eq. (|41|) , the two-loop contribution is not more than 30% if both 
a and a obey the following requirement: 

0.25~a,d~l. (42) 

The lattice simulations of compact QED give the behavior of the effective fine 
structure constant a{(3) (/3 = l/e^ , and e is the bare electric charge) in the 
vicinity of the phase transition point (see Refs.|]2T)|, |[22|| ). The following critical 



values of the fine structure constant a and a was obtained in Ref. 22 



a l £ it » 0.20 ± 0.015 a l £\ t « 1.25 ± 0.10 at (3 crit « 1.011. (43) 



These values almost coincide with the borders of the requirement ( fi2"D given 
by the perturbation theory for /^-functions. 
In the one-loop approximation, we have: 

do 2 a 4 1 

Urun j run ( AA\ 

dt ~ 48^ ~ 12' 1 > 

Here the second term describes the influence of the electrically charged fields 
on the behavior of the monopole charge. 

Investigating the phase transition from the Coulomb-like phase "ipB = 
4>b = 0" to the phase with "ip B = 0, 0b = 0o 7^ 0", we see that the effective 
potential fl3~4] ) has the first and the second minima appearing at = and 
= 0o, respectively. They are shown in Fig.2 by the curve "1". These minima 
of V e ff(4> 2 ) correspond to the different vacua arising in the model. 

The conditions for the existence of degenerate vacua are given by the fol- 
lowing requirements: 

V/W = V eff\<Po) 

r)V tt 

KM) = -»#l^o = 0, (46) 



Veff(0) = W0oO = 0, (45) 



^o)-^l^o>0. (47) 



<9(0 2 ) 

From the first equation (f45| ) applied to Eq. (|3~4D we have: 



/4n = W*o)0oG 2 (to), where t = log^/M 2 ). (4* 



2 

M 2 



The joint solution of equations V e //(0o) = K//(0o) = gives: 



). (49) 
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The curve ( |49"D is represented on the phase diagram (A. run ; gj un ) of Fig. 3 by the 
curve "1" which describes a border between the "Coulomb-like" phase with 
Veff — and the confinement ones having V^iJ 1 < 0. 

The next step is the calculation of the second derivative of the effective 
potential. Let us consider now the case when this second derivative changes 
its sign giving a maximum of V e ff instead of the minimum at 2 = 0g. Such 
a possibility is shown in Fig. 2 by the dashed curve "2". Now two additional 
minima at <fi 2 = <p\ and (J) 2 = <p 2 appear in our theory. They correspond to 
two different confinement phases related with the confinement of the electri- 
cally charged particles. If these two minima are degenerate, then we have the 
following requirements: 

V eff {(f> 2 ) = V eff (<Pl) < 0, = V' eff {cj> 2 ) = 0, (50) 

which describe the border between the confinement phases "conf.l" and 
"conf.2" presented in Fig. 3 by curve "3". This curve "3" meets the curve 
"1" at the triple point A. According to the illustration shown in Fig.3, it is 
obvious that this triple point A is given by the following requirements: 

VefM) = V efMl) = K//(0o) = 0. (51) 

In contrast to the requirements: 

VefArt) = K'//(0o) = 0, (52) 

producing the curve " 1" , let us consider now the joint solution of the following 
equations: 

VefArt) = K//(0o) = 0. (53) 

The dashed curve "2" of Fig.3 represents the solution of Eq. (|53"D . This curve 
is going very close to the maximum of the curve "1". It is natural to assume 
that the position of the triple point A coincides with this maximum and the 
corresponding deviation can be explained by our approximate calculations. 
Taking into account such an assumption, let us consider the border between 
the phase "conf.l" having the first minimum at nonzero 4>o with VJf} n = C\ < 
and the phase "conf.2 " which reveals two minima with the second minimum 
being the deeper one and having V^J 1 = c 2 < 0. This border (described by 
the curve "3" of Fig.3) was calculated in the vicinity of the triple point A by 
means of Eqs. (|50|) with (f>i and (fi 2 represented as 0i )2 = 4>o ± e with e << (f> . 
The result of such calculations gives the following expression for the curve "3": 

gLn = \{$Kun + 8n 2 )\ run + 8tt 4 . (54) 

The piece of the curve "1" to the left of the point A describes the border 
between the "Coulomb-like" phase and the phase "conf.l". The right piece of 
the curve "1" along to the right of the point B separates the "Coulomb" phase 
and the phase "conf.2". But between the points A and B the phase transition 
border is going slightly upper the curve " 1" . This deviation is very small and 
can't be distinguished on Fig.3. 
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The numerical solution demonstrates that the triple point A exists in the 
very neighborhood of the maximum of the curve ( |4"9"D and its position is ap- 
proximately given by the following values: 

4vr 2 

\a } « -— « -13.4, (55) 

9(A) = glritkoT X rw =X (A) « ~ 18 - 6 - ( 56 ) 

The triple point value of the electric and magnetic fine structure constant 
follow from Eqs. fl26D and (|56|): 

= — ~ 0.17, a (A) = « 1.48. (57) 

0(A) 47r 

The obtained result is very close to the Monte Carlo lattice result (^3|). 

The phase diagram drawn in Fig. 3 corresponds to the validity of one-loop 
approximation (with accuracy of deviations not more than 30%, see Ref . [pj ) 
in the region of parameters: 

0.17 ~ a, a ~ 1.5, (58) 

It is necessary to note that the RGE for X run indicates a slow convergence 
of the series over A (see Ref.J53|) and the one-loop approximation is valid for 
X run up to |A| ~ 30 with accuracy of deviations < 10%. 

It is obvious that in our case both phases, "conf.l" and "conf.2", have 
nonzero monopole condensate in the minima of the effective potential, when 
y^}f {4>i,2 7^ 0) < 0. By this reason, the Abrikosov-Nielsen-Olesen (ANO) 



electric vortices p4[ , ||35|| may exist in these both phases, which are equivalent 
in the sense of the "string" formation. If electric charges are present in a 
model, they are placed at the ends of the vortices-" strings" and therefore 
are confined. The phase diagram of Fig. 3 demonstrates the existence of the 
confinement phase for a > am ~ 0.17. 

The lattice investigations f20|,[[22j show that in the confinement phase a{j3) 
increases when f3 = 1/cq — > (here eo is the the bare electric charge) and very 



slowly approaches to its maximal value: a max = ^ « 0.26 predicted in Ref.j36 
(see also Ref. [H5|). 



It is worthwhile mentioning that the confinement of monopoles can be 
discribed by using duality. The Higgs field having the electric charge, 
is responsible for this confinement. The corresponding confinement phases for 
monopoles are absent on the phase diagram of Fig. 3. They can be described by 
the phase diagram (\ e run ] e^ n ). The overall phase diagram is three-dimensional 
and is given by (\™ n ; X e run , g% un ) (e 2 run and g 2 run are related by the Dirac rela- 
tion) . 

The result (64) obtained in the framework of the Higgs scalar monopole 
model gives the following prediction: 

®7rit = "(A)" 1 ~ 6, (59) 
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which is comparable with the MPM result @. 

Although the one-loop approximation for the (improved) effective potential 
does not give an exact coincidence with the MPM prediction of the critical a, 
we see that, in general, the Higgs monopole model is very encouraging for the 
AGUT-MPM. We have a hope that the two-loop approximation corrections 
to the Coleman-Weinberg effective potential will lead to the better accuracy 
in calculation of the phase transition couplings. 

The review of all existing results gives: 

1) 

^crit ~ - 1 - "• ulu i ^crit 

in the Compact QED with the Wilson lattice action [20 
2) 



« 0.20 ± 0.015, aj* « 1.25 ± 0.10 (60) 



tu~ 0.204 a£* ft « 



(61) 



- in the model with the Wilson loop action ||15|| ; 

3) 

a cnt « 0.1836, a crit « 1.36 (62) 

- in the Compact QED with the Villain lattice action [22]; 

4) 

a C rit = ai(A) ~ 0.17, a crit = a (A) ~ 1.48 (63) 

- in the Higgs scalar monopole model (the present paper). 



Hereby we see an additional arguments for our previously hoped (see |L5 
and |n|) "approximate universality" of the first order phase transition cou- 
plings: the fine structure constant (in the continuum) is at the/a multiple 
point approximately the same one independent of various parameters of the 
different (lattice, etc.) regularization. 

Recent investigations (L.V.Laperashvili, H.B.Nielsen, Bled Workshop, 
Slovenia, 2000) show that monopoles are confined in the SM up to the Planck 
scale. But they can exist in the AGUT. Let us assume now the existence of 
monopoles at superhigh energies // > /i m0 n ~ I^pi- Then RGEs (fHf) describing 
also monopoles can lead to the Unification of all interactions at the Planck 
scale giving the coincidence of all a ijCrit at the point \i ~ \ip\. Such a situation 
is shown in Fig.l by dashed curves. These investigations are in progress. 
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Table I: Best fit to conventional experimental data. All masses are running 
masses at 1 GeV except the top qurk mass M t which is the pole mass. 





Fitted 


Experimental 


m u 


3.6 MeV 


4 MeV 


rrid 


7.0 MeV 


9 MeV 


m e 


0.87 MeV 


0.5 MeV 


m c 


1.02 GeV 


1.4 GeV 


m s 


400 MeV 


200 MeV 




88 MeV 


105 MeV 


M t 


192 GeV 


180 GeV 


m b 


8.3 GeV 


6.3 GeV 


m T 


1.27 Gey 


1.78 GeV 


v us 


0.18 


0.22 


v cb 


0.018 


0.041 


v ub 


0.0039 


0.0035 



Table II: Best fit to conventional experimental data in the "new" extended 
AGUT. All masses are running masses at 1 GeV except the top qurk mass M t 
which is the pole mass. 



Fitted Experimental 



m u 


3.1 MeV 


4 MeV 


m d 


6.6 MeV 


9 MeV 


m e 


0.76 MeV 


0.5 MeV 


m c 


1.29 GeV 


1.4 GeV 


m s 


390 MeV 


200 MeV 




85 MeV 


105 MeV 


M t 


179 GeV 


180 GeV 


m b 


7.8 GeV 


6.3 GeV 


m T 


1.29 GeV 


1.78 GeV 


V us 


0.21 


0.22 


v cb 


0.023 


0.041 


v ub 


0.0050 


0.0035 
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Standard Model 




Figure 1. 




Fig. 2 

The effective potential V^ f : the curve 1 corresponds to the "Coulomb"- 
' con linemen I" phase transition; curve 2 describes the existence of two 
minima corresponding to the confinement phases. 
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Figure 3: The phase diagram (A rMn ; g 4 = g 4 un ) corresponding to the Higgs 
monopole model shows the existence of a triple point A {\a) ~ —13.4; ps 
18.6). 
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